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Objective: To analyse the incidence of stroke after thoracic endovascular aortic repair (TEVAR) for aortic
arch disease.
Methods: In the last decade, 393 patients received TEVAR at our Institution; in 143 cases the aortic arch
was involved (32 zones ‘0’, 35 zones ‘1’ and 76 zone ‘2’). The left subclavian artery (LSA) was revascu-
larised selectively in 75 cases; the proximal LSA was ligated or occluded with a plug in 55 cases before
endograft (EG) deployment.
Results: Initial clinical success, perioperative mortality, spinal cord ischaemia and stroke in TEVAR
patients with or without arch involvement were, respectively, 86.7% vs. 94.4%, 4.2% vs. 2.4%, 2.1% vs. 3.6%
and 2.8% vs. 1.2%. The stroke rate was 9.4% (P < 0.02) in ‘zone 0’, 0% in ‘zone 1’ and 1.3% in ‘zone 2’ with
scans showing severe atheroma and/or thrombus in all cases. Stroke was observed in patients with 2.6%
or without 2.9% LSA revascularisation; however, it was never observed in patients in whom the LSA was
occluded before EG deployment and in 4.5% of patients in whom it was patent at the time of EG
deployment.
Conclusions: Stroke after TEVAR is not infrequent especially when the arch is involved. Careful patient
selection together with a strategy to reduce embolisation such as occlusion of supra-aortic trunks before
EG deployment may play a beneﬁcial role.
 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.Endovascular techniques radically changed the paradigm of
treatment of thoracic aortic disease. In more recent years, the aortic
arch has also been treated with an endovascular approach.1e4
Unfortunately, totally endovascular approaches for the arch are
still in an initial experimental phase5e7 and currently, a hybrid
repair that includes arch-open surgical debranching with more
proximal reattachment of the brachiocephalic arteries, followed by
endovascular exclusion of the aortic arch, seems to be a very
reasonable alternative for selected patients. This technique does not
require extracorporeal circulation and hypothermic arrest;
however, it does not eliminate major potential determinants oftions on this paper, please go
x: þ39 02 2643 7148.
ciety for Vascular Surgery. Publisheintra-operative stroke, such as cerebral hypoperfusion related to
intra-operative brachiocephalic artery cross-clamping and athe-
roembolism, mainly related to the manoeuvres required for the
deployment of an endograft (EG) in the aortic arch. Themean stroke
rate in contemporary series of aortic arch hybrid repair is 7%, as was
recently reported in an extensive internet-based literature review.3
This study examined the stroke rate and risk factors in our single
centre experience of 143 patients who underwent hybrid and
endovascular repair for aortic arch disease between 1999 and 2011.
Patients and Methods
All of the patients who underwent thoracic endovascular aortic
repair (TEVAR) in the present study provided written institutional
informed consent.
A prospectively updated clinical database was used to identify
the patients. Medical records, radiological documentation, andd by Elsevier Ltd. All rights reserved.
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patients, follow-up data were obtained from medical records,
updated and/or completed, whenever possible, with communica-
tions with the patients or their relatives.
We identiﬁed 393 consecutive patients who underwent TEVAR
at our institution between 1999 and 2011. We deﬁned aortic arch
endovascular repair as the deployment of an EG in the aortic arch
with intentional covering of at least the left subclavian artery (LSA),
and aortic arch hybrid repair as the deployment of an EG in the
aortic arch with intentional covering of at least the LSA with
adjunctive surgical by-passing of at least one brachiocephalic
artery.
We analysed 143 patients who underwent endovascular or
hybrid repair of the aortic arch. In most cases, the indication for
endovascular or hybrid repair was an increased risk for traditional
surgery combined with anatomical feasibility for TEVAR. In more
recent years, we have also expanded our selection criteria to
include patients suitable for traditional surgery.2 All 143 patients
with arch involvement were elderly, had signiﬁcantly more aortic
dissections and fewer emergency operations than patients without
arch involvement.
The main pre-operative characteristics of the patients who
underwent TEVAR with aortic arch involvement are reported in
Table 1. All of these patients underwent speciﬁc pre-operative
neurological tests, including a clinical evaluation by an indepen-
dent neurologist, cerebral computed tomography (CT) scan, bilat-
eral colour ﬂow duplex of cervical common, external and internal
carotid arteries of vertebral artery, of subclavian and of upper limb
arteries.
Revascularisation of at least one brachiocephalic artery with
extra-anatomic grafts was performed in 130 patients (90.9%),
always under general anaesthesia and continuous electroenceph-
alography (EEG), as monitored by an independent neurologist. In
the cases of revascularisation and TEVAR in a single-stage proce-
dure (101 patients, 70.6%) a trans-oesophageal echography (TEE)
was also used when available as adjunctive monitoring during EG
deployment. Local anaesthesia was limited to some cases of zone 2
patients during single-stage TEVAR without LSA revascularisation
(8 patients, 5.6%) or during second-stage TEVAR in patients in
which a prior LSA revascularisation had already been carried out (2
patients, 1.4%).
In the early phase of our series, LSA was only revascularised in
selected cases and mainly in zone 2 patients, in which the risk ofTable 1
Pre-operative characteristics of the series of patients who underwent hybrid or
endovascular repair of the aortic arch in our Centre between 1999 and 2011
(n ¼ 143).
Characteristic Value
Age, years 68.8  9.2
Male sex 131(91.6)
Symptomatic 13(9.0)
Aneurysm 122(85.3)
Type B dissection/IMH/PAU 16(11.1)
Residual dissection (post type A repair) 5(3.5)
Marfan syndrome 9(6.3)
Diabetes mellitus 49(34.2)
Smoking, past or current 67(46.8)
Hypertension 91(63.6)
Coronary artery disease 56(39.1)
Previous cardiac valves repair 8(5.6)
Atrial ﬁbrillation/other cardiac arrhythmias 12(8.4)
Previous stroke 7(4.9)
Signiﬁcant stenosis of pre-cerebral vessels 0
Renal dysfunction 34(23.8)
Pulmonary disease 81(56.6)
Data are reported as mean  SD or number (%). Abbreviations: IMH: intramural
haematoma, PAU: penetrating aortic ulcer.spinal cord ischaemia was thought to be increased for the more
extensive involvement of the descending thoracic aorta. Speciﬁ-
cally, our early indications were2:
 patients in which LSA supplied coronary circulation through
the left internal mammary
 when the contro-lateral vertebral artery was inadequate (i.e.,
hypotrophy)
 in young patients
 in left-handed professionals and
 with high risk of spinal cord ischaemia.
In the most recent cases, we preferred to perform routine
revascularisation of the LSA, reserving coverage without revascu-
larisation to unstable patients or patients with hypotrophic left
vertebral artery.
During all procedures, activating clotting time (ACT) was
maintained >200 during both arch debranching and EG deploy-
ment with a bolus of intravenous injection of heparin sodium
(70 IU kg1).
According to Ishimaru classiﬁcation8 32 from ‘zone 0’, 35 from
‘zone 1’ and 76 from ‘zone 2’ were treated.
All 32 ‘zone 0’ patients received a median sternotomy or mini-
sternotomy (three cases, 9.4%) for bypass of the innominate
trunk, or individually of the right common carotid and right
subclavian artery. The left common carotid was mainly bypassed
through a customised ‘Y’-shaped graft or, alternatively, through
a trifurcated graft based on the strategy usually used for the
reconstruction of the right brachiocephalic artery for the occur-
rence of bovine arch or other aberrancies. We have now abandoned
the use of reversed bifurcated graft to reduce retrosternal bulging
to prevent the risk of graft compression after sternal closure and
reduce the size of the anastomosis on the ascending aorta. The LSA
was revascularised through a supraclavear left carotid to subclavian
bypass in ﬁve cases (15.6%). Selective aortic banding or arch plica-
ture2 was performed selectively (six cases, 18.7%) (Table 2).
All 35 ‘zone 1’ patients received revascularisation of the left
common carotid through a bilateral cervicotomy and extra-
anatomic bypass which were subcutaneously routed. The LSA was
revascularised through a supraclavear left carotid to subclavian
bypass or a LSA to left carotid transposition in seven cases (20%). In
none of these patients was an adjunctive clamping of the left
common carotid artery required (Table 2).
In the 76 ‘zone 2’ patients, the LSAwas revascularised in 63 cases
(82.9%) through a left carotid to subclavian bypass or an LSA to left
carotid transposition (Table 2).
Based on the anatomy of the arch aneurysm, we decided to
occlude the proximal LSA with a plug in 63 patients. In 55 cases,
mostly in more recent years, it was deployed before the aortic EG
deployment. An amplatzer (AVP; AGAMedical, Golden Valley, MN,
USA) plug 1.2 or 4 oversized by 40e50% compared to the diameter
of the LSA was always deployed proximally to the left vertebral
artery. The choice of plug was mainly related to commercial avail-
ability and logistics at the time of operation. We always used
a retrograde approach with an appropriate hydrophilic introducer
inserted over a standard 0.035 guidewire or from the LSA surgically
exposed for arch debranching or from the left brachial artery.
In all patients, during brachiocephalic artery clamping, mean
arterial blood pressure was maintained above 100 mmHg with
appropriate pharmacological management to reduce the risk of
cerebral hypoperfusion. In ‘zone 0’ patients, during ascending
aortic clamping, the mean arterial blood pressure was maintained
below 70 mmHg.9
To reduce the risk of EG distal migration during deployment, in
the last year, rapid cardiac pacing was used in the last consecutive
Table 3
Main intra-operative variables regarding clamping site, length of clamping time and
management of LSA during arch debranching of the series of patients who under-
went hybrid or endovascular repair of the aortic arch at our Centre between 1999
and 2011 (n ¼ 143).
Variable Value
Zone 0
Mean IT clamping time 16  6 min
Mean RCCA clamping time 8  7 min
Mean RSA clamping time 11  9 min
Mean LCCA clamping time 14  8 min
Zone 1
Mean LCCA and RCCA clamping time 8  2 min
Mean LSA clamping time 11  4 min
Zone 2
Mean LCCA clamping time 12  3 min
Mean LSA clamping time 14  5 min
Overall LSA covering with revascularization 75(52.4)
Overall LSA covering without revascularization 68(47.5)
Overall plug deployed in LSA 63(44.0)
Overall LSA occluded before EG deployment 55(38.5)
Overall LSA occluded after EG deployment 88(61.5)
Data are reported asmean SD, or number (%). Abbreviations: IT: innominate trunk,
RCCA: right common carotid arteries, RSA: right subclavian artery, LCCA: left
common carotid artery, LSA: left subclavian artery EG: endograft.
Table 2
Table showing the techniques of arch debranching and the number of bypasses in
the three different landing zones.
Technique of surgical arch debranching and LSA management Number
of patients
ZONE 1 32
Ascending aorta-IT-LCCA bypass þ plug in LSA 16
Ascending aorta-IT-LCCA bypass without plug in LSA 7
Ascending aorta-RCCA-RSA-LCCA bypass without plug in LSA 4
Ascending aorta-IT-LCCA bypass þ LCCA-LSA bypass
without plug in LSA
1
Ascending aorta-IT-LCCA bypass þ LCCA-LSA
bypass þ plug in LSA
1
Ascending aorta-IT-LCCA bypass þ LCCA-LSA
bypass þ ligation of LSA
1
Ascending aorta-RSA-RCCA-LCCA bypass þ LCCA-LSA
bypass þ plug in LSAa
1
Ascending aorta-RCCA-RSA-LCCA bypass þ LCCA-LSA
bypass þ plug in RSA þ ligation of LSAa
1
ZONE 1 35
RCCA-LCCA bypass without plug in LSA 20
RCCA-LCCA bypass þ plug in LSA 8
RCCA-LCCA bypass þ LCCA-LSA bypass þ plug in LSA 4
RCCA-LCCA bypass þ LCCA-LSA bypass without plug in LSA 1
RCCA-LCCA bypass þ LSA transposition into LCCA without
plug in LSA
1
Bilateral CCA-subclavian bypass without plug in LSAa 1
ZONE 2 76
LCCA-LSA bypass without plug in LSA 36
LCCA-LSA bypass þ plug in LSA 24
Only plug in LSA 9
Simple LSA covering by thoracic endograft without plug in LSA 4
LSA transposition into LCCA without plug in LSA 3
TOTAL NUMBER 143
Abbreviations: IT: innominate trunk; LCCA: left common carotid artery; LSA: left
subclavian artery; RCCA: right common carotid artery; IT: innominate trunk, LCCA:
left common carotid artery, LSA: left subclavian artery, RSA: right subclavian artery.
a Anomalous origin of the brachiocephalic arteries or abnormalities of anatomy of
aortic arch.
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brospinal ﬂuid drainage (CSFD) was instituted. Our policy of CSFD
has changed over the years and our current indications have
extended from the highly selective early criteria, to any case of
planned coverage of descending thoracic aorta longer than 20 cm,
previous abdominal aortic repair and unavoidable covering of
critical intercostal feeding arteries, even in the case of short aortic
coverage.10
The main intra-operative variables regarding the clamping site,
clamping time and the management of LSA during arch
debranching are presented in Table 3.
At the end of all procedures, protamine sulphate was adminis-
trated to reach the pre-operative values of ACT.End-points deﬁnition and statistical analysis
Outcome procedures were deﬁned according to the current
reporting standards for TEVAR.11 Stroke was deﬁned as “any new
clinically and/or radiographically evident brain injury present after
operation, including focal, global, transient, and permanent deﬁ-
cits.” To identify every neurological deﬁcit lasting more than 24 h,
all patients were evaluated by an independent neurologist in the
ﬁrst few hours after the procedure. In all patients, even if asymp-
tomatic, CT was always performed before discharge. For symp-
tomatic patients, CT was planned immediately after detection of
deﬁcits at 24 h, at 48 h and at discharge. With this protocol only
transient episodes of neurological dysfunction caused by focal brain
or retinal ischaemia, without infarction and without deﬁcits
perceived by the patients, could have been missed in our series.Data are shown as a number (%) for categorical variables as
a median, and a mean for continuous variables, as they did not
show a Gaussian distribution. Comparisons of categorical variables
among different classes of patients were performed by means of
the c2 test or the Fisher exact test. Continuous variables were
compared by the ManneWhitney test or KruskaleWallis test.
Analyses were performed by SAS v8 software (SAS Institute Inc.,
Cary, NC, USA).
In a post hoc analysis, we studied the difference between
patients who did and did not undergo LSA revascularisation and
between patients with whom LSA was occluded or patent at the
time of EG deployment.
Results
Initial clinical success, perioperative mortality and spinal cord
ischaemia in TEVAR patients with or without arch involvement
were, respectively, 86.7% vs. 94.4%, 4.2% vs. 2.4% and 2.1% vs. 3.6%.
Patients with arch involvement had a stroke rate of 2.8% vs. 1.2% in
patients without. The outcomes in patients with arch involvement
are summarised in Table 4.
In none of the patients with arch involvement, brachiocephalic
artery disease pre-operatively was found during angioCT, colour
ﬂow duplex or debranching manoeuvres. Associated carotid
endarterectomy or other adjunctive procedures were never
required. Previous successful carotid endarterectomy or stenting
was observed in ﬁve patients (3.5%). History of previous stroke was
present in seven patients (4.9%).
All four procedure-related strokes of our series were ischaemic
and intra-operative. In all cases, stroke occurred after simultaneous
debranching and TEVAR. The distribution of stroke in the study
interval is reported in Diagram 1.
Three strokes were cerebellar and one hemispheric, all associ-
ated with multi-organ embolisation and fatal within a week. We
observed bilateral renal infarction and lower limb acute ischaemia
requiring a surgical thrombectomy in one patient, hepatic and
splenic infarctions in two patients, and splenic infarction and lower
limb acute ischaemia requiring a surgical thrombectomy in the ﬁnal
patient. We have speculated an embolic aetiology of ischaemic
injuries in all of these cases. None of the four patients awoke from
the post-operative coma before exitus.
Table 4
Table showing the intra-operative, early and mid-term outcomes in the series of patients who underwent hybrid or endovascular repair of aortic arch at our Centre between
1999 and 2011 (n ¼ 143).
Zone “0” Zone “1” Zone "2" Total P
n ¼ 32 n ¼ 35 n ¼ 76 n ¼ 143
Technical success 30(93.7) 30(85.7) 70(92.1) 130(90.9) NS
Type I or III endoleak 2(6.2) 5(14.3) 5(6.5) 12(8.4) NS
Intra-operative death 0 0 1(1.3) 1(0.7) NS
Procedural open conversion 0 0 0 0 NS
Initial clinical success (30 days) 27(84.4) 29(82.8) 68(89.5) 124(86.7) NS
Mortality 3(9.4) 1(2.8) 2(2.6%) 6(4.2) NS
Open conversion 0 0 0 0 NS
Stroke 3(9.4) 0 1(1.3) 4(2.8) NS
Respiratory failure 4(9.4) 1(2.8) 2(2.6) 7(4.9) NS
Renal failure 0 2(5.7) 2(2.6) 4(2.8) NS
Paraplegia 0 1(2.8) 2(2.6) 3(2.1) NS
ICU stay 6.2  8.7 d 2.1  3.8 d 0.8  1.9 d 9.3  4.6 d <0.0001
Length hospital stay 11.0  8.2 d 7.6  4.6 d 4.8  3.6 d 7.7  5.7 d <0.0001
Short clinical success (6 months) 27(84.4) 30(85.7) 69(90.8) 126(88.1) NS
Post-operative type I endoleak
spontaneous resolution
2(6.2) 3(8.6) 3(3.9%) 8(5.6) NS
Secondary endovascular procedure 1(3.1) 1(2.8) 1(1.3) 3(2.1) NS
Residual type I endoleak 0 1(2.8) 1(1.3) 2(1.4)
Open conversion 1(3.1) 0 0 1(0.7)
Mid-term clinical success (5 years) 26(81.2) 28(80.0) 66(86.8) 120(83.9) NS
New onset type I or III endoleak 1(3.1) 0 0 1(0.7) NS
Aneurysm related deaths 0 2(5.7) 0 2(1.4) NS
Open conversion 0 0 3(3.9) 3(2.1) NS
Migration 1(3.1) 0 0 0 NS
Data are reported as mean  SD, or number (%). Abbreviations: NS: not signiﬁcant, ICU: Intensive Care Unit.
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regarding the brachiocephalic artery bypasses, new onset of dissec-
tions or thrombosis of pre-cerebral vessels, unplanned covering of
patent brachiocephalic arteries or EG migration at post-operative
imaging.
The limited sample size associated with the low frequency of
strokemade our data unsuitable for multivariate analysis. However,
we did not observe a remarkably increased incidence of either pre-
operative risk factors e such as hypertension, cardiac arrhythmias,
dissection, urgent repair or cerebrovascular disease e or of intra-
operative risk factors e such as prolonged hypertension, hyper-
sensitive crisis, longer brachiocephalic artery clamping during arch
rebranching or longer endovascular steps for EG deployment e in
any of the patients who had suffered intra-operative stroke.
The extent of arch involvement was found to be associated with
an increased risk of stroke. The stroke rate was 9.4% (P < 0.02) in
‘zone 0’, 0% in ‘zone 1’ and 1.3% in ‘zone 2’. The severity ofDiagram 1. Diagram showing the distribution of strokes in the study interval in the
series of patients who underwent hybrid or endovascular repair of the aortic arch
involvement at our Centre between 1999 and 2011 (n ¼ 143).atheromatous disease of the aortic arch could have also played
a major role as a risk factor for stroke. Indeed, the pre-operative
angioCT and intra-operative TEE showed severe pathology of
aortic arch wall in all patients who suffered stroke, with two cases
of shaggy aorta, one case of heavily calciﬁed inner curve of aortic
arch and one case of ﬂoating thrombus in the arch (Fig. 1). No
dissections were found in this group of patients and if we had only
considered the patients with degenerative aneurysms in our study,
eliminating dissection and its variants, the stroke rate would have
risen to 3.3% (4/122).
We also investigated whether intra-operative endovascular
cannulation of brachiocephalic arteries would be associated with
an increased risk of stroke. We detected 39 cases (27.3%) of ante-
grade cannulation of brachiocephalic arteries (15 innominate
trunks, 3 left common carotid arteries, 21 left subclavian arteries) to
facilitate EG deployment with the placement of a guidewire as
a radiological marker, and 23 cases of retrograde cannulation (two
common carotid arteries for radiological marking and adjunctive
site for intra-operative angiography, and 21 LSAs for plug deploy-
ment). None of these patients developed neurological sequelae.
In post hoc analysis, to evaluate the role of LSA revascularisation,
we compared the 75 patients who had undergone LSA revascular-
isation to the 68 patients who did not undergo LSA revascularisa-
tion; a stroke rate of 2.6% (two patients) and 2.9% (two patients),
respectively (Fisher exact test, P 0.6), was observed.
We also compared patients inwhom LSAwas patent or occluded
in the course of EG deployment. We found 88 patients inwhom LSA
was patent at the time of EG deployment, and 55 patients in whom
LSA had been occluded beforehand. The stroke rate in the ﬁrst
group was 4.5% (four cases), without any stroke in the second group
(Fisher exact test, P 0.13). With regard to the speciﬁc sub-group of
‘zone 0’ patients, we found 12 patients in whom LSA was patent at
the time of EG deployment, and 20 patients in whom LSA had been
occluded before. The stroke rate in the ﬁrst group was 25% (three
cases), and without any stroke in the second group (Fisher exact
test, P 0.04).
Table 5
Table showing the incidence of stroke in two different groups in the series of
patients who underwent hybrid or endovascular repair of the aortic arch at our
Centre between 1999 and 2011 (n ¼ 143). Group A: patients who underwent LSA
revascularization; Group B: patients who did not undergo LSA revascularization. The
difference of stroke rate in the two groups was not statistically signiﬁcant (P¼ 0.6 at
Fisher exact test).
Overall 143 patients A. LSA revascularization B. NO LSA revascularization
No stroke 73 66
Stroke 2 2
Data are reported as number of patients. Abbreviations: LSA: left subclavian artery.
Figure 1. Multiplanar (top) and virtual angioscopy (bottom) reconstructions of pre-operative CT angiographies demonstrating three different patterns of aortic disease associated
with arch aneurysm in patients experiencing perioperative stroke after TEVAR: (A) “shaggy” aorta, (B) heavily calciﬁed aortic wall, and (C) ﬂoating thrombus in the arch.
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Surgical aortic arch replacement is one of the most challenging
cardiovascular operations with perioperative stroke rates as high as
10%.12e24 Hypothermic circulatory arrest and antegrade cerebral
perfusion have improved intra-operative brain protection, but the
technique is not yet standardised, and results are debated.10e26
Alternative strategies, such as endovascular and hybrid techniques,
have been developed in the last decade, and to better deﬁne their
current role and future perspectives, we focussed our study on the
incidence and risk factors for stroke in our series of patients who
underwentendovascularandhybridarch repair.Mostof ourpatients
were at increased risk of open surgical aortic arch replacement.
Not surprisingly, by comparing these patients with those of our
series who underwent TEVAR without arch involvement, we
observed a considerably increased stroke rate. Limitations in the
comparison must however be acknowledged due to several major
differences in pre-operative and intra-operative characteristics in
the two groups.
In our series of patients with arch involvement, all the bra-
chiocephalic arteries were patent at the time of operation with
neither haemodynamic stenosis at pre-operative colour ﬂow
duplex nor anomalies of Willis’s circle at pre-operative cerebral
angioCT or angioMR. In these patients, the risk of haemodynamic
stroke during a short, staged clamping of proximal brachiocephalic
arteries is not high25 and we never detected signiﬁcant alterations
during the continuous intra-operative EEG.
A pre-operative functional assessment of the circle of Willis
might be able to detect patients at increased risk of haemodynamic
stroke more speciﬁcally. In particular, transcranial Doppler ultra-
sonography during left carotid artery compression proved itself to
be useful in assessing the feasibility of interrupting perfusion to the
left carotid artery during surgical aortic arch replacement,27 and
prior arch debranching for TEVAR could also be an interesting test.
However, embolism from the thoracic aorta, more than hae-
modynamic cerebral hypoperfusion, seems to play a major role inthe aetiology of stroke. In a recent study, transcranial Doppler (TCD)
during TEVAR showed a signiﬁcant association between the total
number of microembolic signals and post-operative stroke, tran-
sient ischaemic attack and death.28
In particular, stiff guidewires and EG shafts moved into the
aortic arch have the potential to mobilise debris from atheromas
and thrombus from thoracic aorta. In our series of hybrid and
endovascular arch repair, severe atheroma and/or thrombus, and/or
severe calciﬁcationswere present in all of the patients who suffered
an intra-operative stroke (Fig. 1). In the case of early intra-operative
detection of stroke, for instance, in patients under local anaesthesia,
immediate neuroradiological rescue procedures such as throm-
bolysis, suction or mechanical embolectomy of occluded large
intracranial vessels were described.29
The need for extensive arch debranching, as required in zone 0,
was a risk factor for stroke in our series. Three of the four strokes
reported were in zone 0, always during a single-stage procedure.
Single-stage procedure is our preferred strategy allowing a single
anaesthesia and, in zone 0, the management of cardiac complica-
tions andendoleaks directly fromthe sternotomy,with anascending
aortic banding, for instance, in the case of proximal type I endoleak.
Staged procedure is associated with cumulative mortality for the
two procedures and death in the interval in between, often from
aortic rupture. The speciﬁc roles of archdebranchingof TEVARandof
the choice of a simultaneous approach as possible independent risk
Figure 2. (A) Guidewire manipulation of the aortic arch prior to surgical debranching may cause cerebral embolisation of atherothrombotic material through the patent supra-
aortic vessels. (B) Surgical by-passing of all the supra-aortic trunks, associated with ligation of the origin of the innominate artery and left common carotid, and endovascular
occlusion of the LSA are performed prior to guidewire engagement of the aortic arch in order to reduce the risk of cerebral embolisation.
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of patients. In our series, however, we did not report any EEG
alterations either during or after arch debranching prior TEVAR.
Three strokes were cerebellar, suggesting posterior cerebral
embolism, theoretically from the subclavian and vertebral arteries.
Pre-operative LSA revascularisation, which has been described in
the literature as a possible tool for preventing cerebral ischaemia
during TEVAR,10,26 did not prove to be protective frombrain injuries
in our patients (Table 5). Conversely, we did not observe stroke in
any of our patients who underwent LSA occlusion before EG
deployment, mainly in recent years (Figs. 2 and 3, Tables 6 and 7).
The rationale for occluding the LSA before EG deployment is to
eliminate a possible pathway for cerebral embolisation duringFigure 3. (A) Three-dimensional reconstruction of pre-operative CT angiography showin
complete exclusion of the aortic arch aneurysm after by-passing of the innominate and left co
prevent embolisation.endomanipulation in the aortic arch. This is a manoeuvre with
limited drawbacks such as the loss of a possible site for angiography
or for a chimney rescue technique. Although there is not enough
hard evidence to relate our reduced incidence of stroke to this
strategy, we currently perform LSA plugging routinely before EG
deployment until a larger series is available to conﬁrm its potential
beneﬁcial role.
We acknowledge the limitations of this study, such as its
retrospective nature, its data which is mainly unsuitable for
multivariate analysis and the small number of strokes strongly
limiting the power of any statistics. Furthermore, the annual stroke
rate may have been biased by the effect of our learning curve more
than by the variations of our approach.g a “zone 0” aortic arch aneurysm. (B) Post-operative CT angiography demonstrates
mmon carotid artery and plug occlusion of LSA, placed before endograft deployment to
Table 6
Table showing the incidence of stroke in two different groups in the series of
patients who underwent hybrid or endovascular repair of the aortic arch at our
Centre between 1999 and 2011 (n ¼ 143). Group A: patients who underwent
endograft deployment in the aortic arch after occlusion of LSA; Group B: patients
who underwent endograft deployment in the aortic arch before LSA occlusion. The
difference of stroke rate in the two groupswas not statistically signiﬁcant (P¼ 0.13 at
Fisher exact test).
Overall 143
patients
A. LSA occluded
during TEVAR
B. LSA patent
during TEVAR
No stroke 55 84
Stroke 0 4
Data are reported as number of patients. Abbreviations: LSA: left subclavian artery;
TEVAR: thoracic endovascular aortic repair.
Table 7
Table showing the incidence of stroke in two different groups in the sub-group of
“zone 0 patients” who underwent hybrid or endovascular repair of the aortic arch at
our Centre between 1999 and 2011 (n ¼ 32). Group A: patients who underwent
endograft deployment in aortic arch after occlusion of LSA; Group B: patients who
underwent endograft deployment in the aortic arch before LSA occlusion. The
difference of stroke rate in the two groups was statistically signiﬁcant (P ¼ 0.04 at
Fisher exact test).
32 “zone 0
patients”
A. LSA occluded
during TEVAR
B. LSA patent
during TEVAR
No stroke 20 9
Stroke 0 3
Data are reported as number of patients. Abbreviations: LSA: left subclavian artery;
TEVAR: thoracic endovascular aortic repair.
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strokes were observed in the last 4 years and only one stroke (1.3%)
in the last 7 years (Diagram 1).
In the context of ongoing efforts to reduce stroke rate, wewould
like to highlight some variations of our strategy, in particular:
- exclusion from TEVAR of patients with aortic arches at higher
risk of embolism (shaggy aorta, heavily calciﬁed aortic wall,
ﬂoating thrombus);
- the use of endovascular materials speciﬁcally designed for
aortic arch, such as precurved stiff guidewires, introducers and
EG shafts;
- utmost attention in any endomanipulation of the aortic arch,
limiting manoeuvres to those strictly necessary; and
- a procedural plan favouring the endovascular manipulation in
the aortic arch after arch debranching and LSA occlusion.
In conclusion, stroke after TEVAR is not infrequent especially
when the arch is involved. Careful patient selection and improved
endovascular technology together with operative strategies to
reduce cerebral embolisation may play a beneﬁcial role.
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